progression cohort members, 100% Kellgren and Lawrence Grade > 1, and was on average 61 AE 8 years of age, as well as 29.9 AE 5.3 kg/m 2 body mass index. Central femur dAB change was 11.2 AE 17.3 % of subchondral area and tibia dAB change was 7.6 AE 11.6%. Central femur cartilage thickness change was -0.24 AE 0.32 mm and tibia articular cartilage thickness change was -0.14 AE 0.20 mm. Femur BML volume change was 273 AE 1239 mm 3 and tibia BML volume change was 51 AE 1354 mm 3 . Tibia BML volume change had a positive relationship to tibia dAB change (see Table) . One statistical outlier was identified in the tibia (tibia BML volume change ¼ -5824 mm 3 , tibia dAB change ¼ 3.7% subchondral area, femur dAB change ¼ -5.8% subchondral area) and verified on visual inspection by an independent investigator that did not perform the measurements. With this outlier omitted a significant negative association was detected between tibia BML volume change and tibia cartilage thickness change (r ¼ -0.34, p ¼ 0.04) as well as tibia BML volume change and tibia dAB change (r ¼ 0.42, p ¼ 0.01). There were no significant associations detected with femur BML volume. Conclusion: Among participants with knee OA an increase in tibia BML volume is associated with longitudinal tibia cartilage loss. Significant associations in the tibia and not the femur may be a result of the entire tibia cartilage being assessed while only the weight-bearing region of the femur was evaluated (omitting the patellofemoral region). 1 Univ. of Oxford, Oxford, United Kingdom; 2 Univ. of California, San Francisco, CA, USA Purpose: There is growing body of evidence that hip morphology is important in the aetiopathology of hip osteoarthritis. While radiographs are used for measurements of hip morphology, poor patient positioning can adversely affect the morphological measurements. Hence a means of accurately estimating the patient's position would be an invaluable tool to determine the reliability of the given image and to correct for any position-induced error.
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Methods: We present a hierarchical modelling strategy to predict tilt and rotation from AP pelvic radiographs:
1. At the radiograph-level, analytical functions of tilt and rotation have been derived from a simplified model of the radiographic imaging process. These functions express tilt and rotation in terms of both morphological measurements from the radiograph (see figure 1 ), and unknown model parameters that relate to pelvis shape and size. 2. At the person-level, these unknown parameters are expressed in terms of potential predictors of pelvic shape and size, such as gender, height and build-related variables (only gender is included in this work).
To implement this approach, we propose building the models using measurements from digitally reconstructed radiographs (DRRs), which are produced by projecting virtual X-rays through a CT volume. Radiographs of known tilt and rotation can be produced by manipulating the orientation of the CT volume relative to the projected rays. As a proof of concept, in-house software was used to generate DRRs from 6 pelvic CT scans (4 male, 2 female) (see figure 1) ; for each pelvis, 15 tilts (range ¼ AE 20 degrees) and 15 rotations (range ¼ AE 20 degrees) were simulated, giving a sample size of 90 radiographs each for the tilt and rotation models. All radiographs were read for the necessary morphological measurements by one of the authors (DH). Due to their hierarchical nature the models would ideally be built as linear mixed effects models. However, sample size constraints meant that standard linear models with cluster robust standard errors were employed instead.
Results: Both models provide an excellent fit of the data, with R2 values of 0.99 reported for both the tilt and rotation models. The mean AE standard deviation of the residuals are -0.18 AE 2.00 degrees for tilt and -0.46 AE 1.77 degrees for rotation. Plots of true versus fitted angles for tilt and rotation are shown in figures 2 and 3. Given the small sample size, the risk of overfitting is acknowledged, and more data is required to provide a fairer estimate of model accuracy. At the person level, gender was shown to have a small but significant effect in the tilt model (p¼0.02), but not the rotation model. A larger sample size would enable investigation of which, if any, predictors of pelvis shape should be included. Conclusion: A novel method of predicting pelvis tilt and rotation from AP radiographs has been presented, and its feasibility has been assessed. The high accuracy of the fitted models lends strong support to the potential of the approach, and confirms the validity of the underlying analytical models of tilt and rotation. Future work will investigate of the effect of patient orientation on morphological measures of interest, with the ultimate goal of estimating and reducing position-induced error. Figure 1 . A digitally reconstructed radiograph, showing the features used to predict orientation (soft tissue removed for clarity); obturator foramen widths (x1 and x2), used to predict rotation; distance between pubic symphysis and the midpoint between the sacroiliac joints (y), used to predict tilt; distance between femoral head centres (z), used as a measure of pelvis size in both models. 1 Yokohama City Univ. Sch. of Med., Yokohama, Japan; 2 Yokohama City Univ. Med. Ctr., Yokohama, Japan
Purpose: Anterior and lateral shaft bowing of the femur and tibia in patients with varus knee osteoarthritis (OA) results in malalignment of the whole lower extremity, when the preoperative planning in total knee arthroplasty or high tibial osteotomy is performed on the knee radiograph. Previous studies reported that femoral shaft bowing in women was different from that in men. To our knowledge, no studies investigating the relationship between shaft bowing in the femur and tibia and bone mineral density (BMD) have been reported. We hypothesized that anterior and lateral shaft bowing in the femur and tibia was related with age, body mass index (BMI), and BMD in women with varus knee OA. The main aim of our study was to assess the relationship between anterior and lateral shaft bowing in the femur and tibia and BMD in women with varus knee OA. Methods: We enrolled 52 women between April 2010 and March 2011 at our institution. All patients had symptomatic primary varus knee OA. Anteroposterior and lateral whole leg radiographs were taken with the patients in a standing position. Femoral and tibial shaft was divided into five equal parts. In the coronal and sagittal planes, anterior and lateral shaft bowing of the femur and tibia were defined as the angulations between midlines drawn in the second and forth parts from the proximal femur and tibia. The Kellgren and Lawrence grades were grade 2 in 3 knees, grade 3 in 7 knees, and grade 4 in 42 knees. Limb alignment was expressed as the femorotibial angle (FTA) obtained from the anteroposterior radiograph. BMD values were measured in L2-L4 vertebrae and the femoral neck using a QDR-4500 (Hologic Inc., Bedford, MA, USA). The lumbar spine and femoral neck BMDs were analyzed using standard software. BMI was calculated as an index of obesity. Data are expressed as means and standard deviation. Significance was set at p < 0.05. We used Pearson's correlation coefficients to investigate the relationship between two continuous variables (bowing, age, BMI, and BMDs). Results: Mean age and BMI were 72.4 AE 8.9 years and 26.6 AE 4.4 kg/m 2 , respectively. Mean FTA was 183.6 AE 3.4 degree. Anterior femoral shaft bowing was positively correlated with age and negatively correlated with femoral neck BMD (r ¼ 0.317, p ¼ 0.022, and r ¼ -0.345, p ¼ 0.012, respectively). Lateral femoral shaft bowing was not related with multivariate factors. Anterior tibial shaft bowing demonstrated a positive correlation with BMI (r ¼ 0.283, p ¼ 0.042). Lateral tibial shaft bowing was positively correlated with age and negatively correlated with femoral neck BMD (r ¼ 0.364, p ¼ 0.008, and r ¼ -0.293, p ¼ 0.035, respectively). Conclusions: Karakas and Harma stated that anterior femoral shaft bowing was related with age. Our results showed that anterior femoral shaft bowing was correlated with age and femoral neck BMD. Contrary to our expectation, lateral femoral shaft bowing was not related with femoral neck BMD. Only anterior tibial shaft bowing was affected by BMI. Also, the relationship between anterior tibial shaft bowing and lumbar spine BMD might be associated with degenerative changes of the lumbar spine. Lateral tibial shaft bowing was correlated with age and femoral neck BMD, although anterior tibial shaft bowing was not related with femoral neck BMD. In Japanese, these results in the tibia might be associated with congenital tibia vara. The results from our small number of patients should be considered preliminary. However, if shaft bowing in the femur and tibia were related with BMD, the use of medication for osteoporosis might be a proper conservative approach to treatment. 
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München, Germany
Purpose: As for other tissues with mechanical function such as muscle or bone, it is widely assumed that the emergence and maintenance of articular cartilage is guided by functional adaptation to mechanical stimuli (e.g. Wolff's law). Here we study whether human ankle cartilage undergoes morphological changes following strong alterations in the loading environment (after being transplanted to the site of the human knee -van Nees rotationplasty type A1), and develops a cartilage thickness similar to that in the contra-lateral knee. Methods: 12 participants (7 men, 5 women, age 17 to 61 years) were studied, in which the ankle of one limb had been transplanted to the site of the knee (rotationplasty type A1) between 8 and 18 years before this crosssectional imaging study. Sagittal MR images (FLASH) of the transplanted ankle, contra-lateral ankle, and contra-lateral knee were obtained. Segmentation of the tibial and talar cartilage of the talocrural joint (TCJ), the talar and calcaneal cartilage of the subtalar joint (STJ), and the patella, trochlea, tibia, and weight-bearing femoral condyles of the knee joint (KJ) was performed using custom software (Chondrometrics GmbH, Ainring, Germany). The mean cartilage thickness (ThC.tAB) and size of the subchondral bone area (tAB) were computed in 3D using the same software. These were compared between transplanted and contra-lateral ankles, and with the knee (paired t-test with correction for comparisons of tests in 4 cartilage plates (required p < 0.0125 [p<0.05/4]).
Results: The mean cartilage thickness (ThC.tAB.Me) and subchondral bone areas (tABs) tended to be lower (rather than greater) in the transplanted than in the contra-lateral ankle (Table 1 ). The differences reached significance in the subtalar joint for the mean cartilage thickness, and in the talocrural talus and subtalar calcaneus for subchondral bone area. Values
Anterior and lateral bowing in the femoral and tibial shaft and multivariate factors. 
